The development of the aviation fuel market in Poland and changes in civil passenger traffic abstract: The development of air transport affects elements of the aviation fuel market. In recent years an increase in both the number of passengers and the number of passenger operations has been observed. This phenomenon also concerns passengers and the number of operations served by Polish airports which translates into more and more fuel consumption in Poland. The authors of the study tried to approximate the characteristics of aviation fuels used in various types of aircrafts. The most important of them, from the perspective of the Polish aviation sector, include Jet. This type of fuel plays a key role in civil aviation. In the article, the enterprises operating in the analyzed sector were also reviewed. The empirical part of the article is devoted, in turn, to the analysis of changes in air passenger transport in Poland and changes in Jet fuel prices on the Polish fuel markets. The conducted research shows that the dynamics of changes in the number of passengers, as well as the number of passenger operations at Polish airports were characterized by an upward trend, and the increase in the number of passengers was driven not only by a larger number of available flights, but also by such factors as: increasing the capacity of aircraft and increasing the fill rate for seats. The authors have also attempted to examine the strength of dependence between the number of passengers deciding to use Polish airports and Jet fuel prices, which in recent years have undergone significant fluctuations.
Introduction
The economic situation and the changes taking place in air transport are issues that undoubtedly have a significant impact on the volume of the demand for petroleum products. One of the segments of transport referred to in English as general aviation -GA (general aviation, including air traffic excluding scheduled flights -airlines and the army) is beginning to play an increasingly important role in this aspect. There are some organizations important for the aviation fuel market. One of them, The International Civil Aviation Organization, acts as a specialized agency of the United Nations. It fosters, among others: planning and development of international air transport or principles and techniques of international air navigation. According to reports published by the International Council of Airports (ACI), passenger traffic has been increasing in the last 3 years (2015) (2016) (2017) . According to initial summaries, only in 2017, there was an increase in passenger traffic, which was 6.6% compared to 2016. The latest forecasts also indicate that a further increase in demand for air transport, which will mainly be driven by developing countries and located in Asia and the Pacific, is inevitable. It is estimated that in the period from 2016 to 2040, airports from this part of the world will increase their share in global passenger traffic from 45 to 62% (Rynek Lotniczy 2018) .
Changes in the air passenger traffic in the world and also in Poland translate into the fuel market, in particular Jet A-1. The demand for fuels is also growing because of the increased demand for aviation fuels due to the dislocation of allied troops (Bernaciak 2017) .
In the work, the types of aviation fuels were analyzed, with special attention to Jet fuel. This is the most important fuel for civil aviation. In Poland, the second type of aviation fuel -Avgasis also used. However, this fuel plays a marginal role in the total passenger transport of Poland, as it is used in small airplanes with piston engines. On the other hand, airplanes used in passenger transport have turbojet engines requiring Jet fuel. In addition, the structure of the aviation fuel market in Poland was analyzed, including the most important entities. The supply and prices of the fuels in question are correlated with the demand determined by the increase in passenger traffic. After analyzing the changes in passenger air traffic in Poland in 2010-2017, the number of passengers at individual airports with Jet fuel prices was compared. Pearson's correlation coefficient in 2011-2017 was used to examine the strength of this relationship.
Types of aviation fuels used in aircrafts
Aviation fuels are fuels used to drive aircraft engines. There are various divisions of fuels of this type. This part of the paper discusses classifications that take aspects such as the chemical composition of fuels and their various applications into account. Due to the chemical composition, the basic range of fuels in the aircraft spark-ignition engines, includes three gasoline grades with different contents of lead tetraethyl and properties differentiated in trade in the appropriate color: ) ) low lead (Avgas 80) in red, ) ) average lead 100 LL (Avgas 100LL) in blue, ) ) high lead 100 (Avgas 100) in green (Pągowski 2009, p. 119) .
Another classification used is the division due to the use of fuels in specific engine types. The engines themselves are divided into two basic groups: piston (with spark or self-ignition) and turbine (jet, helicopter, propeller and rocket). The three gasoline grades mentioned in the first classification are used in the piston engines. However, aviation oils are used in each of the turbine engines. Table 1 lists the other types of aviation fuels used in particular types of engines. Aviation oil x x X x Source: own study based on: (Pągowski 2009, pp. 120-121; IATA 2015) .
In addition to the division introduced, it is worth noting that in turbine jet engines, fuels are divided into used fuels: (Pągowski 2009, p. 121) .
One of the most popular types of fuel nowadays is fuel for turbojet engines and commercial air transport and military aviation are mainly based on it. This type of fuel is named Jet or Jet A1. In turn, Avgas fuel is used in piston engines. However, in passenger traffic, Jet engine aircrafts are the most popular. Therefore, before approaching the structure of the Polish aviation market, it is worth looking at the shape of the Jet fuel market in recent years.
Jet air fuel is becoming more and more popular on the Polish aviation market as evidenced by its growing consumption in recent years (see Figure 1) . According to the reports of The Polish Oil Industry and Trade Organization a particularly intense increase in Jet consumption was recorded in 2017, when it amounted to over 1 million m 3 (year-on-year increase exceeding 20%). The upward trend for fuel consumption has been consistently stable since 2010. However, the situation for the Jet production is slightly different, which in recent years has oscillated around 1.4 million m 3 without showing major changes. It is also worth noting the significant decrease in the level of Jet fuel export in 2017 (over 50% in relation to 2016). This phenomenon suggests that the domestic production of this fuel (with a marginal level of its imports) is, for the most part, spent on domestic consumption (about 78% in 2017).
Structure of the aviation fuel market
The aim of this part of the study was to approximate the structure of the aviation fuel market and to discuss the main entities responsible for the functioning of the aviation market in Poland. The structure of the aviation fuel market, including entities operating on it, was presented using the scheme, created in the form of Figure 2 .
The main entities are fuel producers and suppliers. The entity that is the link between them and the other entities is the ground handling agent. Then the fuel eventually reaches the operators of fuel infrastructure, specific airlines, and its purchase is coordinated by the airport management.
The manufacturer and provider have the key role among the entities operating on the fuel market. The ground handling agent is an authorized enterprise that carries out economic activity at public airports in the field of the ground handling of aircraft, cargo and passengers. The most significant companies producing aviation fuels in Poland are analyzed below. There are two leading companies which produce aviation fuel in Poland. One of them is a company operating on the basis of a joint venture of Grupa LOTOS: LOTOS -Air BP Polska. They are the leading Polish producer of Jet A-1 fuel. The company is part of the air division of Air BP -the British Petroleum group, which is the largest supplier of aviation fuels in the world.
PKN Orlen is the second company with a key position on the aviation fuel market in Poland. The company sells JET A-1 and AVGAS 100 LL aviation fuels. This entity has been a significant supplier of this type of fuel also on the Czech market since April 2017. It is worth noting that PKN ORLEN sells aviation fuel from Unipetrol (a company owned by PKN ORLEN), therefore from refineries located in the Czech Republic (at the production plant in Kralupy, and from mid-2018 also in Litvinov). This is evidenced that Unipetrol sold 100 million liters of aviation fuel at Václav Havel Airport Prague according to data from February 20, 2018. Thus, it became the second largest supplier of fuels at the largest Czech airport with 20% participation (Walków 2018) .
ORLEN AVIATION (operating in the PKN ORLEN group since 1997), currently operates under the name PETROLOT. It is the part of PKN ORLEN. The position of the company has become even more significant in the aviation fuels sector since January 1, 2014, ever since PKN ORLEN provides the supply of aviation fuel at airports, resulting from PETROLOT contracts with the Airports and Carriers. However PETROLOT currently acts as a ground handling agent and deals with the organization and activities related to fuel refueling and storage at Airports.
Provider Ground handling agent Manufacturer Airlines
Operators of fuel infrastructure Airport management PETROLOT invests in modern cisterns that guarantee greater efficiency of operations carried out at airports. This enterprise is a provider and the ground handing agent. WARTER aviation is another company that is an aviation fuel supplier operating on the Polish market. It deals with the sale, distribution and promotion of the highest quality aviation gasoline offered by Water aviation the Płock Research and Development Center OBR S.A. WARTER aviation operates both on the Polish market and on foreign markets. The most popular type of gasoline sold by the company is Avgas 100LL.
An example of an enterprise that is important for fuel infrastructure in Poland is Flow Technics Ltd. having a container refueling station -KSTS 200/10. In addition, its offer includes aggregates for refueling aircraft for airport tanks and dispensers. The company also offers metering stations for aviation fuel additives, mobile devices for metrological control, filtration kits for aviation fuel.
Apart from the entities regulating the operation of the aviation sector, the aviation fuel infrastructure remains an important aspect, which includes: tanks, pipelines, fuel installations and distributors. The fuel infrastructure of aviation fuels should comply with European Union regulations regarding equipment used for ground handling. Storage tanks should be properly secured and controlled for the quality of the stored fuel. The equipment used in the aviation fuel station is for example: a microfilter, a water separator for fueling jet engines, a control filter, and a metering device. The PN-EN 12312-5 + A1 standard is an example of regulation of an aviation fuel station.
Analysis of changes in passenger traffic in Poland in 2010-2017
This part of the study analyzes the dynamics of changes taking place in passenger traffic in Poland in the last 8 years (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) . Reviewing the reports illustrating the Polish aviation market, many indicators can be found that describe the current situation in this trade and compare it with previous periods. The authors of the study focused on two basic measures, which in their opinion best reflect the dynamics of changes in the Polish aviation sector -the number of passengers, the number of operations carried out at individual airports.
Passengers should be understood as persons transported by airplanes of Polish entities holding a license for air transport, in all types of flights (scheduled, additional and rented -charter flights), on domestic and foreign lines and outside these lines, as well as on roundabouts trips over the airport (GUS 2018) .
In the analysis, the transport of both passengers using domestic and international transport were taken into account. Passengers transported by special purpose aviation aircraft (aeroclubs, sanitary aviation, agro-aviation) were not taken into account. Next, the number of flight opera-tions (of passengers) should be understood as the number of flights that took place in a given year. This value is the quotient of the number of passengers and the number of operations. Data regarding these three values (in relation to particular years) is included in Table 2 . As it can be seen from the above comparison, all the parameters included in the analyses showed an upward trend in 2010-2017. The largest percentage increase was recorded in the number of passengers, which increased by almost 100% in comparison to 2010, and according to the latest available statistics is nearly 40 million (Table 2 ). These increases were particularly dynamic in 2012, as well as in 2015-2017, when they exceeded 10% year-on-year. In the case of the number of operations, the upward trend was stopped only in 2013 and was caused by the increase in the average size of aircraft servicing the Polish market in this period, as well as the increase in the load factor. The load-factor ratio is calculated as the ratio of the number of passengers and the number of available seats. It can be counted for individual cruises, routes or the entire carrier's grid (Sipiński 2014; ULC 2013) .
In the period under consideration, there is also a clear increase in the number of passengers per one flight. Comparing the years 2010 and 2017, this number increased by as much as 32 people, which should also be considered as a derivative of the increase in the size of the aircraft.
Taking the number of passengers and operations performed in individual ports into consideration, the strong leader in the Polish aviation market in the analyzed period is Warsaw Chopin Airport (Fig. 3a, 3b and Fig. 4a, 4b) . In 2017, almost 16 million passengers were served in this port and almost 160,000 operations were carried out. The next places in this list included airports in Kraków (5.8 million passengers and 44.2 thousand operations), Gdańsk (4.6 million and 36.5 thousand) and in Katowice (3.9 million and 27.3 thousand).
Looking at the dynamics of changes in aviation rates in 2010-2017, the upward trend in each period was maintained at two airports: Kraków-Balice and Rzeszów-Jasionka. In Kraków, however, the increments were much higher and often exceeded 10% year-on-year (the highest in 2016-2017, when they amounted to 17-18%). For Rzeszów, the increase in passenger numbers was most visible in 2012 (over 15% year-on-year), while in the remaining years it fluctuated between 2-8%. However, the largest overall increase in the analyzed period was recorded by Szczecin and Gdańsk airports. In the first case, the increase in the number of passengers served in 2017 compared to 2010 was 115%, and for the second 108%. For comparison, in the same period the Warsaw airport recorded an 82% increase, in Kraków 105%, and in Rzeszów 53%. The change in the number of passenger operations at individual airports was slightly less dynamic (see Figure 4a, 4b) , although it also showed an upward trend. This was primarily due to the fact that the increase in the number of passengers was driven not only by a larger number of available flights, but also by such factors as: increasing the capacity of planes and increasing the fill rate for seats.
The total number of aviation operations carried out at Polish airports at the end of 2017 amounted to approximately 341.2 thousand and it was over 100 thousand greater than in 2010. During this period, the highest growth rate was demonstrated by airports in Kraków (48.75%), Szczecin (47.79%), Gdańsk (45.98%), Warsaw (34.58%) and Katowice (33.5%). The declines were noted by airports in Poznań (-5.77%) and Łódź (-46.71%).
The phenomenon that accompanies changes in passenger traffic at Polish airports is its seasonality. This is clearly shown by the data presented in Figure 5 . There are passenger numbers on a quarterly basis for the four largest Polish airports. Increased passenger traffic can be observed in the third quarter of the year (July-September), which seems understandable due to the fact that it is a period in which many people opt for vacation. In the third quarter of 2017, approximately 12.8 million passengers were served at all Polish airports. For comparison, in the first quarter it was 7.5 million, in the second it was 10.3 million, and in the fourth quarter it was 9.3 million people. However, looking at the percentage increase in passenger numbers in 2010-2017, the largest changes were recorded in the second and fourth quarters (about a two-fold increase compared to the base year). This is probably due to the fact that Poles are more and more willing to take vacation in months other than July or August. Another reason probably is that people are travelling more often for purposes other than leisure. 
Comparison of Jet fuel prices and dynamics of changes in passenger traffic in Poland
From the perspective of the Polish aviation sector, Jet fuel (also sometimes called Jet 1) should be considered the most important fuel. They are used in jet airplanes with turbine engines, and therefore it is crucial for the development of the entire market and above all, tourism. This part of the study will present an analysis of the price formation of the fuel in 2011-2017 (no uniform data from 2010, hence the decision to omit it in the analysis). Jet fuel quotes from PKN Orlen website, which prepares weekly collations in relation to Polish airports were used for this purpose (PKN Orlen 2018). The prices presented in further comparisons are arithmetic averages for individual quarters of the year, in Polish zlotys (PLN) per one liter of fuel. Figure 6 shows how the prices of Jet fuel in 2011-2017 were shaped for transports carried out at the Warsaw Chopin Airport. Table 3 is a summary of selected statistical data of this fuel. In each of these sets it can be seen that the analyzed period was characterized by an advantage of the downward trend in Jet fuel prices. These prices reached the highest level in the first quarter of 2012, when they exceeded PLN 3.50/l. The next two quarters were characterized by relatively low fluctuations in the quotations of this fuel, which was reflected in the low level of coefficient of variation for the whole of 2012 (1.53%). In the period from the third quarter of 2012 to the first quarter of 2016 a clear price reduction was visible, which translated into a nearly two-fold drop in the value of this fuel (from almost PLN 3.50/l to PLN 1.80/l). The declines were particularly intense from the second half of 2014 to the beginning of 2016 and resulted mainly from a significant reduction in oil prices -a raw material from which aviation Analyzing the prices of Jet fuel, It is worth paying attention to the different level of fluctuations in these prices in the analyzed period. To investigate this phenomenon, two statistical quantities were used, illustrating the distribution of variable values of a given distribution (in this case, prices): standard deviation and coefficient of variation. It is undoubtedly draws attention the quite high value of the coefficient of variation in 2014-2016, which was mainly caused by intense downward movements in these prices. During this period, after a temporary stagnation and even a decrease in the number of passengers and passenger operations carried out by Polish airports in 2012-2013, a clear acceleration of the sector's development can be seen. Thus, it seems that the low level of fuel prices in recent years has been one of the factors that encouraged the more frequent use of Polish airports.
To verify the validity of the hypothesis put forward, Pearson's linear correlation coefficient was calculated for the number of passengers using the four largest Polish airports (Warsaw, Kraków, Katowice, Gdańsk) and the level of Jet fuel prices in 2011-2017 at these airports. The results of these analyzes are presented in the form of Table 4 . The calculated values of the Pearson coefficient refer to both the entire period (the last column) and individual quarters. The division into quarters was applied due to the seasonal intensification (third quarter of the year) and the weakening (first and fourth quarter) of passenger traffic.
Looking at the values of the calculated correlation coefficients, it should be stated that there is a strong negative relationship between Jet fuel prices and the number of people deciding to travel by air in a given period. The absolute value of this coefficient reached the highest values for the Gdańsk airport, slightly lower for Kraków and Katowice, and the lowest for Warsaw.
A particularly strong negative relationship was recorded in the third and fourth quarters of the year. It is worth emphasizing however, that the correlation between the number of passengers and the prices of Jet fuel was quite weakened in 2017, when both these figures grew. Taking only the years 2011-2016 into account, the correlation coefficient reached for this period values from -0.88 (Warsaw) to even -0.98 (Katowice). It seems, therefore, that passenger traffic reacts positively to price drops, undoubtedly contributing to the development of the aviation sector. Fuel prices, however, are not the only factor determining the progress in the Polish aviation sector, which is confirmed by the year 2017, in which -despite the increase in Jet fuel prices -the interest in travel resulted in increased passenger traffic.
Conclusions
The review of the situation on the Polish aviation market, made by the authors of the article showed that there are several leading companies in its subjective structure being producers, suppliers and ground handling agents of the discussed fuel category. These include PKN Orlen together with PETROLOT, operating in the Orlen Group and LOTOS -Air BP Polska as a joint venture of the LOTOS Group.
Analyses carried out in the further part of the article showed that in recent years passenger traffic in Poland has been developing quite intensively. This trend also concerns the global market, driven by Asian markets, whose share in the increase in the number of aviation transactions will continue to grow in the coming years. As air traffic is served by civil aircraft, the changes taking place on the aviation fuel market are also very important. The article takes pas- senger transport of people using national and international transport in 2010-2017 in Poland into account. The research also paid particular attention to the correlation between changes in the intensity of passenger traffic and the prices of one of the most important aviation fuels, which is undoubtedly Jet fuel. The work omitted other types of aviation gasoline, because of the significantly lower impact of their prices on the market and changes in the volume of passenger traffic. Passenger airplanes in civil aviation usually have turbojet engines in which Jet fuels are used.
The calculated values of Pearson's linear correlation coefficient showed that in the analyzed period there was a strong negative relationship between the number of people using Polish airlines and the price of Jet fuel. This dependence was most intense usually in the third quarters of the year, when passenger traffic was the largest. It also drew attention to the fact that the correlation between these values in the last analyzed year (2017) decreased, when both Jet fuel prices increased and the number of passengers using Polish airlines continued to increase. This phenomenon shows that fuel prices are an important factor influencing development in the Polish aviation sector, but not decisive. It is also worth noting that the increase in Jet fuel prices may manifest itself in limiting passenger traffic with a certain delay, which in turn may pose a significant risk to enterprises whose financial result is strongly dependent on the number of aviation transactions. Therefore, it seems that these enterprises should undertake actions allowing for protection against the risk related to fluctuations in fuel prices. The tools to counteract this type of market risk will be one of the future directions of research by the authors of the article.
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